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1. INTRODUCTION

Combining quantitativegeophysical informationextractedfrom the optical and
microwave wavdengths provides complementaryinformationaboutboth the surfhce
mineralogy and morphology. Thii study combines inversion results from two remote
sensing instrumeata a polarimerficsynthetic apeaure radsr,AIRSAR and an imaging
q@mmter, AVIRIS, for Trail Canyon alluvial fan in Death Valley, California. The
NASA/JPL Nrborne Synthetic ApertureRadar(AIRSAR) is a quad-polariation, three
frequency instrument (vanZyl et al., 1992). AIRSAR collects dataat C-band=5.66 cnL L-
bmxk=23.98~ and P-band=68.13 cm. The dataarepmcased to four-looks and have a
spatial molution of 10 m and a swath width of 12 km. lle AIRSAR data used in this
study were collected as psrt of the Geologic Remote Sensing Field Ex@ment (GR!WE)
Ovel ~ Vaky on 9/14/89 @vans and ArvMson, 1990). The Ahborne VisibldInfmmd
Imaging Spe@cxneter (AVIRIS) is a NASA/JPL instrument that flies in an ER-2 aircmft
W~ dtiti Of~ km ~ane et id., 1993). AVIRIS U= four SpCCIX’Omt?@sto collect
datain224sPectml channels from0.4#mto2.45~. Thewidth ofeachspectml band
is approximately 10 nm. AVIRIS collects data with a swath width of 11 km and a pixel
size of 20 m. The AVIRIS data used in this study were collected over Death Valley on
5/31/92.

2. GEOLOGY

Trail Canyon alluvial fan is located on the west side of Death Valley, California
at the base of the Panamiit Range. It is a large fan that is 7 km long snd 450 m high.
ThemXtheznpartof the fancontains gravels derivedfroma cmbonmedominantsourm
~titie~~oftifm k~vektivdtiae~~
matedal. The quartzitcand carbonategravel mineralogiesarenot separatedon the existing
geologic map, which shows three gravel facies (Huntand Mabey, 1966). l%e oldest
gravel fmns a smooth desertpavement of varnishedrock tlagrnentswhich cows
appro*ly 30% of the fan. The younger gravel forms a rough surfaceof heavily
vanished cobbles and covers about 50% of the fsn. ‘fhe youngest gravel is located in the
more recent wasbt%does not have desert varnish,and covers about20%of the tire. The
baseofthefan wascovemdbya lskeduring the HoloCeneandismappcd asa@lmnate
~--.

‘Ibis study identified seven differentsurfaceson TrailCanyonalluvial h based
on the AIRSAR and AVIRIS data sets and the geologic map. These surfhcescould not all
be sepmted and identified by using only one datasource. Thes* include four fties
on the quaftzite source pad of the &n:destxt pavemcmt(q-@} a middle aged surfam (q-
mk a younger surf- (q-yk andthe currentwashes (q-c). A&x@ pavement(cdp) and
ymgati(c-y )mmtimti~~wm~of tih. Tbebmeof
the fhn(b)wheretherecent lakereacbed wasalsostudied.
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3. AIRSAR ANALYSIS

The AIRsARdatawerecali- usingin-seene~~m-to
allow fer b extxwtion of Xcuratc values of bwkscqx, pokuizadon infamatioQ nns
surfwe ~ dielectric eonstanm and thctal dimensions. lle dibration rncluded
m~~~tie~wm fi@gmatiemmti~_gb
vaUey, tmdampogmpWcorre&m using a digital elevation model (Kierein-Young,
1993; van Zyl et al. 1992).

~admw,m,dti~awmsp~fwadtik
lxdr+andplaeedin toa”eube’’ofradardataMeanfmquemey-polarimtb spectmwem
W~~~~S~tiwk fmtimvm@@~&ve. ~_fW
into two main groups. ‘l’heroughersurfacesinclude the quarmitemiddle (q-m), youngm
(*Y)* ~ - (q+, a calbaMe youngex(c-y) sites. m smootherSurfwes
-mtipv~(q*dc*)titik tititio).

Tbefirst-ordersmau pmbadon model (Evans et al., lm, VmlZyl et al.,
l~l; Banickand _ 1%7) wasusedtoesdmate the SUlfiiCepOWff Spt?Ctd&IISity

and tbe &electric constant at every pixel by performingan invemion of the AIRSAR data.
‘lllefmetal “dmmsionandnns surfiXero@mess werecalculated using theslcq)eand
intemept of W powex spechum obtained fran the rnversionmodel (Kierein-Young, 1993;
Kkrein-Young and X1992). Table lshowstberms surthcerou_fractal

.
dmmskm, and dielectric cmawnts obtahwdfium tbesmallpatuhtbn inversionmodel
fortbesevemsites. ‘Ihesedatashow thattheearbomW derivedgravel is smother than
ti-*ti~wlmmti~M@vmt (c+)k-ti
tiqa~pv-(q+), dhkoftifmm) hti~ts-.
ThekXal “dmledon genemlly inm.awsasthe surfacerougbnms~andthe
dieleulie constant is highest for the deselt pavelnent surfaces.

Table 1. Small perturba~ion model inversion results for Trail Canyon fan.

Fraual Dielectric constants
c L P

w 15.2 2.13 3.9 3.6 3.0
*Y 14.0 2.14 4.6 3.7 3.0
w 15.2 2.105 4.0 3.4 3.0

m 4.4 2.25 6.1 4.3 3.0
Gy 13.5 2.14 4.4 4.6 3.0
~ 6.3 2.20 5.1 5.1 3.0
b 2.8 2.405 4.1 3.0 3.0

4. AVIRIS ANALYSIS

'Ibe AVIRISdatawemeonverted fmmradiance toreflectance usingan

-: ~~ ~X ATREIW to *W for accurate minemlogical
&&mmatms (Gao et al., 1~, Gao et al., 1993). The AVIRIS dataallow

. . .
dlsmmtionoftbe quartziteandcarbonatederivedpartsoftbe fan based onspec@al
~= M-~~wmexwtiti tie A~Sti@tim
identify tbe aurt%eemimmlqy fer the seven sites dewxibedabove. Two dominant
~~~-ti~sw~~hydati~ ~ti~kmdum. h
addi*tbemeas tbathavedewxtvarnish onthesur&eappear verydarkinthe imsges
dtieabwm~rn ti*wmehgti ti~s*titit~
v-~ytig~mofsti~ ~tigti~letitiqti
cxnm!lltwa@ tlwcalboWe partoftbefan, tbequat’kiteparts with beavydesert-
and tbe @artAte b without heavy varnish.lle AVIRIS images do not allow for the
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. . . .
&mmnmtmoftheamooth deaertpavexnentsmftwe3from theothexvamishedmugb
smfkes. 'fldsisbecaume the fanalbedois relatedtotbeamountofdesert varnishonthe
gravels andnottothe roughness of thesurfaces. llemisnodesextv arnishmthebaseof
tik, ~witk~=titi ties~veti~r-ksof titit
lake.

Automated Speural unmixingwas pexhnedontheAWRISdataforTrail
Canyon fan using five eadmembers. Every pixel in an image contains a mixtum of
maWialsduetoits s@alsize. sp@.ralunmixing @@mines &e percentageabundance
of~mataisL orendmember, witbinapixel(Boardman andGee@ 1991). An
automated@lniquewas usedtodetumine tbemixing edmedmson TrailCanyonfhn
fkomonlythe inputdataaml ageanetricmodel~ 1993; BoardmaL 1994).
This method involved first perfcmninga maximum noise frwtion (MNF’)(ransfomh
deWmin@ b numbs of uniqueendmembers and using a convex gemwtrie appmaebto
findtheemhedms. IEefirstfive derivedendmembels, cormponding to brigbtWe,
m~~~etitiam~ hw~mdtioww~tim~~~e
endmelnber abundmm images. Table 2 shows the results of the automaticunmixing
using tbe AVIRIS data.

Table 2. Unmixing results from the MNF ●utomatic unmixing.

%~
. .

%~
. .

% dhte W] dv
. .

%~ %-

@@ 8.5 13.2 43.4 12.1 21.1
w 7.4 21.7 37.6 9.3 24.1

*Y 17.1 33.2 17.5 10.5 18.0

w 36.2 19.2 6.7 8.4 11.7

* 8.2 17.3 29.0 34.2 11.3
ey 7.4 22.5 14.5 32.2 23.4
b 24.6 23.4 10.7 5.8 35.5

5. DATA INTEGRATION

-00 Of* 6SW- WSSdone by ~tionning C@lifi@ioll tecbniqm on
eombinedbands of AVIRISand AIRSARdata. Anaecurate mapoftheseven surfaceson
Trail Canyon fan was obtaiwd by using a minimum distance classification technique on

~W AVIRIS WtOllMtiC umnixing endmemberimages and tbe AIRSAR
frequency—pokm@m cube. llds combination of datagives the most accumtemsulfs
becausetbe remixing eadmembers show the best separationof tie mineralogi~ and the
AIRsARetdm&dmiMta well betwemthesmooth androughsurfkea. Figurel
(AVIRE3 Workshop Slide 6) shows the map gcmmted fbn this Cbdktbll. Classifications
Hmdy~~~tid ti@~~~a~~ti afititi.

6. CONCLUSIONS
‘b readts of the data integration show that tbe moq)bdogy of Trail Canyon

fimisdspcdmton tbeageandmineralogieal makeupofthe surfaces. lle AIRSARdata
show the vaiatkm in surke mugbnea a@ in genend, the smoothersurfafes are older.
‘lhe mugbest area is* eumentwash wMeh is the youngest patt of the thn. ‘l’hetwo
middle aged surfimmof tbe fan have abut the same surfaceroughnessandcannotbe
sqmatedin*AIRSAR dataalone. Tbesmoothestsurfaces ontbefanarerhedesert
WstiwwM=ti@&st_w ontifm. ~Mtiof A~~@m
ti-~~~wsfati enoftiwod~e ~titisbyti~t
of@aext varnish. ‘he okkr surfxe has much more desertvamisb thanrheyounger
wasks. Howevex, tbedlXuXtpavemeMandvarnishedrougbsulfaeeacannotbe -
by using tbe AVIRIS data alone. l%erefw it is neeessary to use botb tbe AIRSAR and
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AVIRISdatatocomctly mapmddetemme“ the relative ages of the smfaces of Trail
canyon *.
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